The 1:1 condensation reaction between benzil and tris(hydroxymethyl)aminomethane in methanol yields a hetero bicyclic compound 5-(hydroxymethyl)-1,2-diphenyl-3,7-dioxa-8-azabicyclo[3.2.1]octan-2-ol. It was characterized by FT-IR, NMR ( 1 H and 13 C) spectroscopy and ESI mass spectrometry. The structure was conclusively determined by X-ray diffractrometric analysis. The structure shows a hetero bicyclic ring system. It consists of six membered morpholine and five membered oxazolidine rings with free hydroxyl groups. This bicyclic compound was used as a reducing and stabilizing agent to prepare zinc nanoparticles. The morphology and structure were characterized by field emission scanning electron microscope (FE-SEM), powder X-ray diffraction (XRD), and energy dispersive spectrum analysis (EDS).
Introduction
Nanoparticles have attracted much attention due to their unique optical, electronic, magnetic, mechanical and chemical properties compared with those of the same bulk material. These properties can be tuned by controlling their size and shape [1] . In the synthesis of nanoparticles, the main problem is their stabilization and monitoring of their size and size distribution. Many strategies have been employed for synthesizing metal nanoparticles including hydrothermal synthesis [2] , spray pyrolysis [3] , sonochemical synthesis, microwave assisted synthesis [4] , chemical reduction in the presence of a stabilizing agent such as polymers or surfactants, [5] [6] [7] electrochemical processes [8] , sol-gel processes [9] , and so forth. Zn nanoparticles are the most important metal nanoparticles for such wide ranging applications as piezoelectric transducers, gas sensors, transparent conductive films, light-emitting devices, photo detectors and solar cell windows [10, 11] . Usually when metal nanoparticles are synthesized by chemical methods, the metal ions reduced by the reducing agents [12] and protecting agents or phase transfer agents are also added to stabilize the nanoparticles. Several types of toxic reducing agents containing boron commonly have been employed to produce metal nanoparticles from inorganic salts; the resulting metal nanoparticles are contaminated with borides. Hence investigation on the synthesis of boride free metal nanoparticles has more significance especially for use in biological and medical purposes. Here we report the novel synthesis of zinc nanoparticles using hetero bicyclic compound, 5-(hydroxymethyl)-1,2-diphenyl-3,7-dioxa-8-aza-bicyclo[3.2.1]octan-2-ol as a reducing as well as stabilizing agents and their characterization by spectral techniques.
Experimental
Materials. Benzil, tris(hydroxymethyl)aminomethane and zinc(II) nitrate hexahydrate were purchased from commercial sources and used as such. Solvents were of analytical grade and were purified prior to use.
Analytical and physical measurements. Micro analytical (C, H, N) data were obtained with a FLASH EA 1112 Series CHNS Analyzer. The IR spectra (with KBr pellets) were recorded in the range of 400-4000 cm -1 on a JASCO FT/ IR-5300 FT-IR spectrometer. 1 H and 13 C NMR spectra were recorded on a Bruker AVANCE III 400 MHz (AV400) multinuclear NMR spectrometer at 400
MHz and 100 MHz, respectively. ESI mass spectra were obtained on a LCMS-2010A Shimadzu spectrometer. The crystal data were collected on a Bruker axs kappa APEXII CCD Diffractometer. Powder X-ray diffraction patterns were recorded on a Bruker D8-Advance diffractometer using graphite monochromated CuKα1 (1.5406Å) and Kα2 (1.54439Å) radiations. The SEM image and EDS spectrum of the zinc nanoparticles were examined using HITACHI S-4300SE/NFESEM and a beam voltage of 20 kV.
Synthesis of hetero bicyclic compound, 5-
To a hot solution of benzil (2.10 g, 10 mmol) in methanol, tris(hydroxymethyl)aminomethane (1.21 g, 10 mmol) in methanol was added in drops and refluxed for 4 h. The resultant clear solution was kept for a day to obtain colourless crystals. The crystals were washed in cold methanol and dried in desiccator. Yield: 80%. Mp Synthesis of zinc nanoparticles. To a hot solution of reducing agent, 5-(hydroxymethyl)-1,2-diphenyl-3,7-dioxa-8-aza-bicyclo[3.2.1]octan-2-ol (0.313 g, 1 mmol.) in methanol (30ml), a solution of zinc(II) nitrate hexahydrate (1 mmol) in deionized water (10 ml) was added in drops for 30 min. The resultant solution was stirred and refluxed for 3 h under nitrogen atmosphere. On keeping the solution overnight, the zinc nanoparticles were formed. These particles were separated out by centrifugation, washed repeatedly with acetone to remove reducing agent and then dried at room temperature. conclusively determined by them using single crystal X-ray crystallography [13] . Our attempt to sysnthesis L3 by stirring a dilute methanolic solution of benzil and tris(hydroxymethyl)aminomethane, in 1:2 ratio and later refluxing, yielded the same crystalline bicyclic compound (L1) instead of expected compound (L3). The obtained single crystal was verified by X-ray crystallography. An ORTEP diagram of the crystal is shown in Fig. 1(a) . The crystal data are shown in Table 1 . The crystal structure of the hetero-bicyclic compound consists of six membered morpholine and five membered oxazolidine rings fused together. The six membered ring has chair conformation and the presence of two free hydroxyl groups increases the water solubility of the compound. The two aromatic rings at C5 and C7 are trans to each other with a torsional angle of 53.47°. The crystal packing consists of four bicyclic molecules. They are linked by N-H···O, O-H···O and O-H···N weak interactions, generating a three dimensional-network as shown in Fig. 1(b) . No intramolecular hydrogen bonding is observed.
The FT-IR spectrum of the compound shows a broad band at 3400 cm -1 due to the presence of alcoholic group. The absorption band at 2903 cm -1 is due to the N-H stretching vibration. The 1 H NMR spectrum of the compound shows multiplets at 3.47-3.86 ppm corresponding to methylenic protons. Aromatic protons resonate in the range 7.05-7.54 ppm. The alcoholic and secondary amine protons are observed at 4.22 and 4.44 ppm, respectively. For preparing metal nanoparticles using chemical reduction method, it is very important to decide appropriate stabilizer. In this work, for synthesizing zinc nanoparticles the hetero-bicyclic compound (L1) is employed as a reducing agent. The method is shown in Scheme 2. It is also observed that L1 acts as a stabilizing agent to protect the nanoparticles from growth and agglomeration. Fig. 4 shows the powder XRD pattern of the as-prepared zinc nanoparticles. 
Conclusion
In this study, the bicyclic compound (L1) acts in a unique way both as reducing and stabilizing agent for the synthesis of zinc nanoparticles. Despite several synthetic methods being available, this method serves as a more simple and significant one for the synthesis of zinc nanoparticles. The nanoparticles obtained are relatively pure and stable for several weeks.
